
Figures

 17



Bear Gulch

Beaver

Creek

R
ed

bi
rd

Gille
tte

B
ol

es
C

an
yo

n

C
an

yo
n

Canyon

Cold SpringsCreek

Hot Brook Canyon

Creek

Spokane

Victoria C
re

ek

L
IM

E
S

T
O

N
E

 P
L

A
T

E
A

U

Whitewood

Spearfish

Saint
Onge

DEADWOOD

Lead

BELLE FOURCHE

Newell

STURGIS

Blackhawk

Piedmont

Tilford

Box Elder 

Hill City

Hermosa

CUSTER

HOT SPRINGS

Edgemont

Minnekahta

Tinton Central
City

Roubaix

Nemo

Vale

Nisland

Hayward

Keystone

Rochford

Pringle

Fairburn

Buffalo Gap

Dewey

Cascade
Springs

Igloo
Provo

Oral

Rockerville

Belle Fourche
Reservoir

H
orse

Indian

Creek

Creek

Creek

Creek

C
re

ek

Creek

Creek

Creek

Creek

Alkali

Creek

Antelope

Creek

Creek

Creek

Creek

Creek

Battle

Creek

Creek

Creek

Can
yo

n

Horsehead

Fall River

Cr

Lame

JohnnyRed

Cree
k

Cre
ek

H
at

H
ay

H
el

l

Beaver

Spring

Spring

Cree
k

Rapid

Rapid

Castle

Creek

Boxelder

C
re

ek

Bea
r

Elk

Butte

Fa
lse

B
ot

to
m

Sp
ea

rf
is

h

BELLE

RIVER

Owl

F

OURCHE
Hay

Redwater
River

C
an

yo
n

C
an

yo
n

C
ot

to
nw

oo
d

W
hi

te
w

oo
d

Pactola
Reservoir

Deerfield
Reservoir

Sheridan
Lake

Coolidge
Cr

Grace

French

Creek

Angostura
Reservoir

CHEYENNE

R
IV

E
R

RIVER

CHEYENNE

N
. F

ork
Rapid

C
r

Rh
oa

ds
Fork

Castl e
C

r

Bear
G

ulch

C
reek

Crow

Cox
Lake

Cr

L
it

tl
e

Sp
ea

rf
is

h

S. Fork

S. Fork Rapid Cr

B
ea

ve
r

C
re

ek

W
hi

te
ta

il

C
r

Cr C
r

Annie

Squaw

Meadow C
r

Elk

Little
Creek

Ellsworth
Air Force
Base

Wind Cave
National Park

Jewel Cave
National

Monument

Mt. Rushmore
National
Memorial

CUSTER

STATE

PARK

Wind
Cave

Harney
Peak x

Terry
Peak

Crooks
Tower

x

x

BUTTE  CO

LAWRENCE  CO MEADE  CO

PENNINGTON  CO

CUSTER  CO

FALL RIVER  CO

W
Y

O
M

IN
G

S
O

U
T

H
   

D
A

K
O

T
A

QTac

Tw

Tui

Kps

Ju

TRPs

MDme

Kik

Pmk

Po

Ou

PPm

OCd

pCu

A

A'

Figure 1.  Distribution of hydrogeologic units in the Black Hills area (modified from Strobel and others, 1999).
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Figure 3.  Schematic diagrams illustrating mixing models for age dating for various ground-water flow
conditions.

A.  Slug flow or pipe flow - negligible mixing with delayed arival

B.  Hypothetical water-table spring with maximum traveltime of 10 years - thorough mixing
with immediate arrival

C.  Well completed in artesian aquifer at considerable distance from recharge area - thorough
mixing with delayed arrival

1998

1998

1997 1996 1995 1994 1993 etc. Flow
direction

Water table

Potentiometric
surface

Spring

Aquifer
outcrop

Aquifer

10% in storage
90% discharged

Confining unit

1997
1996

1995
1994

1993
1992

1991
1990

1998 Precipitation

1998 Precipitation

1989

1998
1988

1978
1968

1958
1948

1938
1928

Aquifer outcrop/recharge area

Well

Confining unit

Confining unit

Stream
channel

90% in storage
10% discharged

Water table

 

 20



-13

-14

-15

-16

-17

-12

N
. F

ork
R

apid
C

r

Belle Fourche
Reservoir

FOURCHE

Victoria
Spring

Rh
oa

ds
Fork

Coolidge

Highland

Angostura
Reservoir

Castl e
C

r

N. Fork Castle Cr

H
el

l

Can
yo

n C
an

yo
n

Red

B
ea

r
G

ul
ch

C
reek

Crow

Sheridan
Lake

Hot Brook Canyon

Cox
Lake

Deerfield
Reservoir

Pactola
Reservoir

Indian
Cr

H
orse

Creek

Owl
Creek

BELLE

RIVER

REDWATER R I V
E

R

C
re

ek

Cr

L
it

tl
e

Sp
ea

rf
is

h

Sp
ea

rfi
sh

C
re

ek
Sp

ea
rf

is
h

W
hi

te
woo

d

C
re

ek

Creek

Bea
r

Butt
e

Elk

Elk

Creek

Creek

C
reek

Boxelder

Rapid

Rapid

Creek

Creek
Creek

Sp
ri

ng

Creek

French

Cree
k

C
reek

Cre
ekG

race

Creek

Creek

C
re

ek

S. Fork

R
ed

bi
rd

Gille
tte

S. Fork Rapid Cr

Battle

French

B
eaver

Beaver

C
reek

Creek

Creek

Creek

C
re

ek

Creek

Fall
R

H
at

C
re

ek

Cree
k

Horsehead

CHEYENNE

RIV
ER

C
ot

to
nw

oo
d

Creek
Hay

B
ot

to
m

Fa
lse

Creek

Spokane

Lam
e

Johnny

H
ig

gi
ns

B
ea

ve
r

C
r

W
hi

te
ta

il

C
r

Cr

Cr

Cr
Gulch

Annie

Squaw

D
ea

dw
ood

Iro
n

Cr

Cottonw
ood

Creek

Al
kaliIron Cr

Elk

Little
Creek

Castle

C
as

tleCreek

C reek

Bear Gulch

Sylvan
Lake

C
ol

d
B

ro
o

k

Cr
Strawberry

B
ol

es
C

an
yo

n

Can
y

o
n

Canyon

Whitewood

Spearfish

Saint
Onge

DEADWOOD

Lead

BELLE FOURCHE

Newell

STURGIS

Blackhawk

Piedmont

Tilford

Box Elder 

Hill City

Hermosa

CUSTER

HOT SPRINGS

Edgemont

Minnekahta

Tinton

Cheyenne
Crossing

Central
City

Roubaix

Nemo

Vale

Nisland

Hayward

Keystone

Rochford

Pringle

Fairburn

Buffalo Gap

Dewey

Cascade
Springs

Igloo
Provo

Oral

Rockerville

RAPID CITY

L
IM

E
S

T
O

N
E

 P
L

A
T

E
A

U

   Wind   Cave
National    Park

Jewel Cave
National

Monument

Mt. Rushmore
National
Memorial

CUSTER

STATE

PARK

Wind
Cave

Harney
Peak

x

Calamity
Peak
x

Iron
Mountainx

Onyx
Cave

Bear
Buttex

Ellsworth
Air Force
Base

BUTTE  CO

LAWRENCE  CO MEADE  CO

PENNINGTON  CO

CUSTER  CO

FALL RIVER  CO

W
Y

O
M

IN
G

S
O

U
T

H
   

D
A

K
O

T
A

-12.44

-14.63

-15.58

-12.44

-14.63

-15.58

-12.28

-13.49

-12.59

-11.51

-11.58

-11.58

-16.01

-16.24
-15.74

-15.35

-16.96
-16.59

-16.93

-12.28

-13.49

-12.59

-11.51

-11.58

-11.58

-16.01

-16.24
-15.74

-15.35

-16.96
-16.59

-16.93

-12.59

-14.27
-13.41

-14.61

-14.06
-13.96-16.56

-16.96

-16.41

-16.91

-17.59

-14.60

-14.27
-13.41

-14.61

-14.06
-13.96-16.56

-16.96

-16.41

-16.91

-17.59

-14.60

-14.61

-12.25

-13.33

-12.25

-13.33

0 10 20

0 10 20 MILES

KILOMETERS

Figure 4.  Generalized distribution of δ18O in surface water and ground water in near-recharge areas.
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Figure 5.  Estimated tritium concentrations in precipitation for Black Hills area and decay curves for selected
years. Decay curves depict decayed tritium concentrations for selected sampling years. Maximum tritium con-
centrations of about 4,200 tritium units occurred in about 1963. Tritium has a half-life of about 12.43 years and
decay curves are presented for selected 12-year increments that approximate this half life. Using 1963 as an
example, the tritium concentration in a sample collected in 1974 containing water recharged in 1963 would be
equal to about 2,200 tritium units. The tritium concentration would have decayed by almost one-half to 1,100
tritium units for a sample collected 12 years later in 1986, and again by one-half to about 600 tritium units for a
sample collected in 1998.
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Figure 6.  Concentrations of CFCs verses date.
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